














Caries Preventive Effects of Theobromine Containing Toothpaste 
on Early Childhood Caries: Preliminary Results
Karijesprotektivni učinak zubne paste koja sadržava teobromin 
na karijes u ranoj dječjoj dobi: preliminarni rezultati
Uvod
Zubni karijes jedan je od najvećih javnozdravstvenih pro-
blema (1). Karijes u ranoj dječjoj dobi složena je bolest koja 
pogađa djecu mlađu od tri godine. Definira se kao prisutnost 
jedne ili više površina zuba zahvaćenih karijesom (nekavitira-
na ili kavitirana lezija). Karijes uglavnom zahvaća gornje sre-
dišnje sjekutiće (2). Zahvaća mliječne zube češće od trajnih 
jer je struktura cakline i dentina mliječnih zuba tanja nego 
kod trajnih. Djeca također vole zaslađenu hranu i piće. Uz to, 
u ranoj fazi djetinjstva nije zadovoljavajuća sposobnost odr-
žavanja oralne higijene i zato su mliječni zubi češće i teže za-
hvaćeni karijesom nego trajni (1).
Fluor je sredstvo koje se naširoko upotrebljava za preven-
ciju zubnog karijesa. Pokazalo se da je uporaba zubnih pasta 
koje sadržavaju fluor djelotvoran način za sprječavanje karije-
sa na trajnim zubima (3). Također je dobro poznata činjeni-
ca da fluor povoljno djeluje na usporavanje napredovanja ka-
rijesa (4). Iako je upotreba fluora dobra jer jača caklinu, ako 
se pretjerano primjenjuje pojavljuje se rizik od fluoroze. Po-
većan rizik od zubne i koštane fluoroze posljedica je gutanja 
fluora iz različitih izvora te gutanja zubne paste s fluorom (5). 
Introduction
Dental caries is one of the most significant public health 
problems (1). Early childhood caries is a complex disease 
affecting children under 3 years of age. It is defined as the 
presence of one or more decayed (non- cavitated or cavitat-
ed lesions), missing (due to caries), or filled tooth surfaces. 
However, caries is particularly evident in upper central inci-
sors (2). Caries affects primary teeth more often than perma-
nent teeth because both enamel and dentin structures of pri-
mary teeth are thinner than those of permanent teeth. Also, 
children are fond of sweetened food and drinks. Additional-
ly, the capability of oral hygiene maintenance in early stage of 
childhood is not satisfactory; therefore, deciduous teeth are 
more severely attacked by caries than permanent teeth (1).
Fluoride is an agent used extensively for the prevention 
of dental caries. The use of fluoride-containing toothpastes 
has been shown to be an effective way for children to pre-
vent permanent teeth from tooth decay (3). It is also a well-
known fact that fluoride has a beneficial effect on slowing 
down the caries progression (4). While the use of fluoride is 
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oride carries the risk of fluorosis. An increased risk of dental 
and skeletal fluorosis is due to the ingestion of fluoride from 
different sources and from swallowing toothpaste with fluo-
ride (5). Additionally, it has been disputed whether fluorides 
interact with ameloblasts, thus having adverse effects on the 
enamel formation (6). 
In recent years, different biomimetic agents have been 
discussed as potential alternatives to fluoride for the preven-
tion of ECC. Some studies showed that it is best to use tooth-
pastes that mainly contain remineralizing agents for chil-
dren’s oral care such as calcium phosphates, that is, CPP-ACP 
or hydroxyapatite (HAP), (7). A variety of agents containing 
different calcium phosphate compounds that have already 
been on the market have been well studied (8). Previous in 
vitro and in vivo studies suggested that crystallite size was in-
creased and crystallinity of teeth improved by growing HAP 
in an apatite-forming system. Therefore, toothpaste contain-
ing synthetic hydroxyapatite crystals has been developed to 
improve remineralization on the basis of structural similarity 
of the crystals to those contained in human teeth.
Another promising alternative, theobromine, was discov-
ered accidentally during studies of dental caries. Consump-
tion of chocolate as a sugar-containing confectionery has 
long been linked to dental caries (9). However, a series of 
studies demonstrated that cocoa powder in chocolate by it-
self might have some caries-inhibitory effect (10-14). Studies 
with hamsters showed that pure cocoa powder inhibited den-
tal caries in correlation with the percentage consumed in diet, 
and that reduced fat cocoa exhibited a higher significant anti-
caries effect than the fat-containing cocoa (12).
Cocoa solids also contain both theobromine and caf-
feine. While studying the effect of cocoa on the mineraliza-
tion of teeth, it was discovered that cocoa has both deminer-
alizing and remineralizing effects because of the coexistence 
of theobromine and caffeine. On one hand, caffeine reduces 
the crystal size on the enamel surface when children are ex-
posed to caffeine at a critical growth period (15). In a study 
conducted to investigate the effect of caffeine on crystalliza-
tion of enamel and formation of caries, it was observed that 
rats exposed to caffeine had a significantly higher caries score 
when compared to the decaffeinated control group (16). 
Caffeine reduced crystallization of the enamel and a small-
er crystal size increased dissolution of the minerals leading 
to dental carries (17). Along with caffeine, cocoa contains 
substantial amounts of polyphenolic substances, such as tan-
nin and chlorogenic acid, which tend to produce darker col-
ors (18). Therefore, recognizing and investigating the prod-
ucts that can be applied to teeth to decrease the absorption 
of demineralizing substances and to reduce discoloration of 
the teeth is important. On the other hand, theobromine was 
shown to have an entirely opposite effect, by enhancing crys-
tallinity of enamel (19,20), binding calcium and phosphate 
to remineralize the tooth enamel 21. Theobromine is a natu-
rally occurring substance, making it a potential alternative to 
fluoride as the active ingredient of toothpaste (21, 22). It is 
the principle alkaloid from the family of methylxanthines, 
which also includes theophylline and caffeine, and the main 
source is Theobroma cacao (cacao tree) plant (23). When add-
No sporno je djeluje li fluor na ameloblaste čime štetno dje-
luje na stvaranje cakline (6).
Posljednjih se godina raspravljalo o različitim biomime-
tičkim agensima kao o potencijalnim alternativama fluoru za 
prevenciju karijesa u ranom djetinjstvu. U nekim istraživa-
njima autori su istaknuli da je najbolje upotrebljavati zub-
ne paste koje uglavnom sadržavaju remineralizirajuća sredstva 
za oralnu higijenu kod djece, poput kalcijeva fosfata, odno-
sno CPP-ACP-a ili hidroksiapatita (HAP) (7). Različiti agen-
si koji sadržavaju različite spojeve kalcijeva fosfata dobro su 
proučeni (8). U dosadašnjim istraživanjima in vitro i in vi-
vo pokazano je da se veličina kristalita povećava, a kristal-
nost zuba poboljšava rastom HAP-a u sustavu koji stvara apa-
tit. Zato je proizvedena zubna pasta sa sintetičkim kristalima 
hidroksiapatita radi poboljšanja remineralizacije na temelju 
strukturne sličnosti kristala s onima u ljudskim zubima.
Druga obećavajuća alternativa – teobromin, otkrivena je 
slučajno tijekom istraživanja zubnog karijesa. Konzumacija 
čokolade kao slastice koja sadržava šećer odavno je povezana 
s pojavom karijesa (9). No u nizu istraživanja istaknuto je da 
kakao u prahu u čokoladi može inhibicijski djelovati na kari-
jes (10 – 14). Istraživanja na hrčcima pokazala su da čisti ka-
kao u prahu inhibira zubni karijes u korelaciji s postotkom 
konzumiranja u prehrani te da kakao sa smanjenim udjelom 
masti ima značajniji protukarijesni učinak od onoga koji sa-
država masti (12).
Čvrsti sastojci kakaa sadržavaju i teobromin i kofein. Ti-
jekom proučavanja učinka kakaa na mineralizaciju zuba ot-
kriveno je da i demineralizirajuće i remineralizirajuće djelu-
je zbog koegzistencije teobromina i kofeina. S jedne strane, 
kofein smanjuje veličinu kristala na površini cakline kada su 
mu djeca izložena u kritičnom razdoblju rasta (15). U istra-
živanju o učinku kofeina na kristalizaciju cakline i stvaranje 
karijesa uočeno je da su štakori izloženi kofeinu imali znatno 
češće karijes u usporedbi s kontrolnom skupinom bez kofe-
ina (16). Kofein smanjuje kristalizaciju cakline, a manja ve-
ličina kristala povećava otapanje minerala što potiče zubni 
karijes (17). Osim kofeina kakao sadržava znatnu količinu 
polifenolnih tvari, poput tanina i klorogenske kiseline koje 
imaju sklonost prema stvaranju tamnijih boja (18). Zato je 
važno prepoznati i istražiti proizvode koji se mogu primijeni-
ti na zube kako bi se smanjila apsorpcija demineralizirajućih 
tvari i smanjila promjena njihove boje. S druge strane poka-
zalo se da teobromin ima potpuno suprotan učinak jer pove-
ćava kristalnost cakline (19, 20) te veže kalcij i fosfat i tako 
remineralizira i zubnu caklinu (21). Teobromin je tvar koja 
se pojavljuje u prirodi, što je čini potencijalnom alternativom 
fluoru kao aktivnom sastojku zubne paste (21, 22). Glavni je 
alkaloid iz obitelji metilksantina koja također uključuje te-
ofilin i kofein, a glavni izvor je biljka Theobroma cacao (dr-
vo kakaovca) (23). Kada se doda zubnim pastama, štiti po-
vršinu cakline u pozitivnom odnosu doza – odgovor (24). U 
mnogim istraživanjima in vitro i nekima in vivo istaknuto je 
da primjena teobromina može rezultirati remineralizacijom 
i prevencijom površinskog karijesa u caklini. No prema na-
šim spoznajama ni u jednom istraživanju autori se nisu bavili 
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ed to dentifrices, it protects the enamel surface of the tooth 
in a positive dose-response relationship (24). A large number 
of in-vitro and some in-vivo studies, from the literature, dem-
onstrated that the application of theobromine can result in 
remineralization and prevention of surface caries in enamel. 
However, to the best of our knowledge, no study investigated 
the effects of theobromine containing dentifrices on children. 
The purpose of this study was to evaluate the efficacy of 
theobromine containing toothpaste (THEODENT Kids) on 
remineralization of white spot lesions, short term effect on S. 
mutans, buffering capacity and pH of saliva in children with 
ECC. The null hypothesis to be tested was that no statisti-
cally significant difference exists between the fluoride con-
taining toothpaste group and theobromine containing tooth-
paste group. 
Material and methods 
The study was reviewed and approved by The Human Re-
search Ethics Committee of Yeditepe University, School of 
Medicine on January 07, 2014 with the protocol number of 
392.
The power was set at 80%, alfa-level was set as 0.05, and 
the allocation ratio was equal to 1. The study was conducted 
with a total of 26 children between the ages of 4-5 present-
ed with ECC who were equally assigned at random to the 
two study groups. None of the baseline values showed statis-
tical differences among the groups. The parents completed a 
general health questionnaire form and gave informed consent 
on behalf of their children to participate in the study. Based 
on the completed questionnaires, the subjects were assessed 
for eligibility to undergo the baseline clinical evaluation. The 
children who had one or more white spot lesions were in-
cluded to the study. The children with systemic medical con-
ditions, history of prolonged use of antibiotics or medica-
tion were not included. The children who were not able to 
cooperate in the course of clinical examination were exclud-
ed from the study.
Clinical	evaluation
Oral examination of children was performed under the 
standard dental operatory light. The surfaces of the teeth 
were cleaned thoroughly with water, and later air dried with 
a three-way syringe for 10 seconds. Children were random-
ly allocated to 2 groups: a control group with 13 children to 
use a 500 ppm Fluoridated toothpaste (Colgate Kids, Col-
gate-Palmolive Company, NY) and a test group of 13 chil-
dren to use a theobromine containing toothpaste (THEO-
DENT Kids, New Orleans) (Table 1). Oral health education 
was provided to both groups to improve their knowledge, at-
titude, and practice regarding oral health. Toothpastes were 
delivered to the parents and they were informed to encour-
age the children to brush their teeth with the assigned tooth-
pastes two times a day for 1 month. 
Scoring	using	Laser	Fluorescence	(LF)
A trained and calibrated pediatric dentist performed the 
clinical examinations. After calibration with a ceramic stan-
dard, the baseline value for each individual was calibrated by 
Svrha ovog istraživanja bila je procijeniti učinkovitost pa-
ste za zube s teobrominom (THEODENT Kids) na remi-
neralizaciju bijelih mrlja, kratkoročni učinak na S. mutans, 
puferski kapacitet i pH sline djece s karijesom u ranoj dobi. 
Nulta hipoteza koju je trebalo ispitati bila je da ne postoji sta-
tistički značajna razlika između pasta za zube koje sadržavaju 
fluor i teobromin.
Materijali i metode
Istraživanje je provjerilo i odobrilo 7. siječnja 2014. go-
dine Etičko povjerenstvo za ljudska istraživanja Medicinskog 
fakulteta Sveučilišta Yeditepe (protokol 392).
Snaga je postavljena na 80 %, alfa na 0,05, a omjer raspo-
djele bio je jednak 1. U istraživanju je sudjelovalo ukupno 26 
djece u dobi od 4 do 5 godina s karijesom rane dječje dobi te 
su nasumce raspoređeni u dvije skupine. Nijedna od osnov-
nih vrijednosti nije pokazala statističke razlike među skupina-
ma. Roditelji su ispunili formular o općem zdravlju i potpi-
sali informirani pristanak uime svoje djece za sudjelovanje u 
istraživanju. Na temelju popunjenih upitnika procijenjeno je 
mogu li uspješno proći osnovnu kliničku procjenu. U istra-
živanje su bila uključena djeca s jednom ili više bijelih lezija. 
Djeca sa sistemskim bolestima, anamnezom produljene upo-
trebe antibiotika ili lijekova nisu bila uključena. Djeca koja 
nisu mogla surađivati  tijekom kliničkog pregleda bila su is-
ključena iz istraživanja.
Klinički	pregled
Klinički pregled djece obavljen je pod standardnim ope-
racijskim osvjetljenjem. Površine zuba temeljito su očišće-
ne vodom, a zatim osušene ispuhivanjem 10 sekunda. Djeca 
su nasumce raspoređena u dvije skupine – u kontrolnu sku-
pinu od 13 djece koja su upotrebljavala zubnu pastu s 500 
ppm fluora (Colgate Kids, Colgate-Palmolive Company, NY, 
SAD) i testnu skupinu od 13 djece koja su se koristila zub-
nom pastom koja je sadržavala teobromin (THEODENT 
Kids, New Orleans, SAD) (tablica 1.). U objema skupinama 
održana je edukacija o oralnom zdravlju da bi se poboljšali 
znanje, stajalište i praksa u vezi s njegovim očuvanjem. Paste 
za zube dobili su roditelji, uz upute da potiču djecu da mje-
sec dana peru zube dodijeljenim pastama dva puta na dan. 
Evaluacija	s	pomoću	laserske	fluorescencije	(LF)
Kliničke preglede obavio je educirani i kalibrirani dječji 
stomatolog. Nakon kalibracije s keramičkim standardom, ba-
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Active Ingredients • Aktivni sastojci Inactive Ingredients • Neaktivni sastojci
Colgate Kids,  
Colgate-Palmolive 
Company
Sodium Fluoride (0.05% w/v Fluoride 




Hydrated Cilica • Hidratizirana cilica
PEG-12
Cellulose Gum • Celulozna guma
Sodium Lauryl Sulfate • Natrijev lauril-sulfat
Flavor • Okus
Sodium Saccharin • Natrijev saharin
Mica
Blue 1 • Plava 1
Titanium Dioxide • Titanijev dioksid
THEODENT Kids,  
New Orleans
Rennou: theobromine, calcium acetate, 
& sodium hydrogen phosphate • 
teobromin, kalcijev acetat i natrijev 
hidrogen-fosfat
purified water • pročišćena voda
hydrated silica • hidratirani silicijev dioksid
sorbitol, xylitol, (plant based) • sorbitol, ksilitol (na biljnoj bazi)
glycerin, xanthan gum • glicerin, ksantanska guma
titanium dioxide (non-nano particle form) • titanijev dioksid (nenanočestice)
citric acid • limunska kiselina
sodium benzoate • natrijev benzoat
stevia extract • ekstrakt stevije
sodium bicarbonate • natrijev bikarbonat
sugar-free chocolate extract • ekstrakt čokolade bez šećera
sugar-free vanilla extract • ekstrakt vanilije bez šećera
Table 1	 Active	and	Inactive	Ingredients	of	the	toothpastes
Tablica 1. Aktivni	i	neaktivni	sastojci	pasta	za	zube
measuring which was performed on the sound buccal surface 
of the tooth. A single examiner made all measurements for 3 
times to eliminate the operator effect for each lesion, and the 
operator was blinded to intervention.
White spot lesions (WSLs) were categorized according 
to the International Caries Detection and Assessment Sys-
tem (ICDAS II; codes 0–3). (0: sound ;1: first visual chang-
es in enamel; 2: distinct visual changes in enamel; 3: Local-
ized enamel breakdown (without clinical signs of dentinal 
involvement), (25).
A portable LF system (DIAGNODent (DD) pen, KaVo, 
Biberach, Germany) was used. Standard DD recordings were 
taken at this stage according to the manufacturer’s instruc-
tions. The depths of demineralization were subjected using 
LF threshold. The manufacturer suggested the presence and 
depth of a caries lesion at the occlusal surfaces by LF using the 
following scale: 0–13 = initial caries lesion; 14–20 = enamel 
caries; 21–30 = initial dentine caries; 31–99 = advanced den-
tine caries (26).
The status of WSLs was assessed using LF at 4 weeks re-
call and the changes in the amount of the values were re-
corded. 
Testing	Saliva	pH	and	Buffering	Capacity
Saliva  samples were also used to assess buffering capac-
ity utilizing the Saliva-Check Buffer test kit (GC Corpora-
tion, Tokyo; Japan). The test started at least 2 hours after the 
last meal and at least 1 hour after brushing of the teeth. Sa-
liva was stimulated by paraffin wax, and then saliva samples 
were used to measure salivary pH and its buffering capacity. 
Patients were instructed to spit any pooled saliva into the col-
lection cup. After this procedure, an enclosed pH strip was 
placed into the sample of collected saliva for 10 seconds. Col-
or change on the pH strip was checked while the paper was 
still moist. The pH reading was noted and the results were re-
koje je obavljeno na zdravoj bukalnoj površini zuba. Jedan 
istraživač proveo je sva mjerenja tri puta za svaku leziju.
Bijele mrlje kategorizirane su prema Međunarodnom su-
stavu za otkrivanje i procjenu karijesa (ICDAS II; oznake 0 
– 3). (0 – zdravo; 1 – prve vizualne promjene na caklini; 2 
– izrazite vizualne promjene na caklini; 3 – lokalizirano uru-
šavanje cakline (bez kliničkih znakova zahvaćenosti dentina) 
(25).
Korišten je prijenosni LF sustav (DIAGNODent (DD) 
pen, KaVo, Biberach, Njemačka). Standardna DD mjerenja 
provedena su u toj fazi prema uputama proizvođača. Dubi-
ne demineralizacije ocijenjene su primjenom LF praga. Pro-
izvođač je predložio sljedeće bodovanje prisutnosti i dubine 
karijesne lezije na okluzalnim površinama s pomoću LF-a: 0 
– 13 = početna karijesna lezija; 14 – 20 = karijes cakline; 21 
– 30 = početni karijes dentina; 31 – 99 = napredovali kari-
jes dentina (26).
Status bijelih mrlja procijenjen je korištenjem LF-a na 
kontrolnom pregledu nakon četiri tjedna i zabilježene su pro-
mjene ranije dobivenih vrijednosti.
Mjerenje	pH	i	puferskoga	kapaciteta	sline
Uzorci sline također su korišteni za procjenu puferskoga 
kapaciteta s pomoću seta Saliva Check Buffer Test (GC Cor-
poration, Tokio, Japan). Test je proveden najmanje dva sata 
poslije zadnjeg obroka i najmanje jedan sat nakon pranja zu-
ba. Slina je stimulirana parafinskim voskom, a zatim su uzor-
ci upotrijebljeni za mjerenje njezina pH i puferskoga kapa-
citeta. Pacijentima je naloženo da ispljunu slinu u šalicu za 
skupljanje. Nakon toga postupka, pH vrpca stavljena je 10 
sekunda u uzorak skupljene sline. Promjena boje vrpci pro-
vjerena je dok je papir još bio vlažan. Očitana je pH vrijed-
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corded as 5.0- 5.8 (high acidic); 6.0-6.6 (moderately acidic) 
and 6.8-7.8 (healthy saliva).  
5 minute stimulated saliva was used to assess buffering ca-
pacity. After that, the test pads color changes were evaluated 
as green 4; green/blue 3; blue 2; Red/Blue 1 and Red 0 points 
according to the manufacturer’s instructions.
Testing	Saliva	Streptococcus mutans
The salivary samples were checked for S. mutans count by 
GC Saliva-Check Mutans™ test kit (GC Corporation, Tokyo; 
Japan). Stimulated saliva was tested to measure S. mutans lev-
els at baseline. Technique guidelines were followed according 
to manufacturer’s instructions to detect S. mutans in saliva via 
a highly accurate and specific immunochromatography pro-
cess by employing monoclonal antibodies (MAbs) which can 
detect small numbers of S. mutans in small salivary samples. 
A positive result was obtained if a thin red line appeared in 
the T window high levels of S. mutans (> 5 X 105 CFU/mL); 
however, if no line appeared (negative result), it indicated low 
levels of S. mutans (< 5 X 105 CFU/mL). Saliva collection for 
testing was done at the same time of day for the children.
Statistical analyses were performed using SPSS Statistics 
Version 19.0 (SPSS Inc., Chicago, IL, USA). In-group com-
parisons to determine the extent of remineralization was do-
ne using the paired t-test. In order to perform between-group 
comparisons, the difference of means (mean of pre-treatment 
values minus mean of post-treatment values) for each group 
was calculated. Between-group comparisons for the differ-
ence of means were done using the Mann Whitney U Test. 
For all the statistical analyses, the significance level was set at 
<0.05.
Results
We included 13 healthy children with mean age 
4.25±0.50 with 145 teeth in the fluoride toothpaste group 
as the control group, and 13 healthy children with mean age 
4.46±0.52 with 115 teeth in theobromine containing tooth-
paste group as the test group. After 1-month of experimen-
tal period, 26 children with a total of 260 study teeth (13 
children, 145 teeth in control group; 13 children, 115 teeth 
in theobromine containing toothpaste group) were re-exam-
ined.
Laser	Fluorescence	(LF)
The mean LF reading was 20.71 ± 1.50 in the control 
group and 14.60 ± 1.66 in the theobromine containing 
toothpaste group at baseline, which decreased to 17.00 ±1.27 
and 9.75 ±1.16, respectively at 1-month follow-up visit. The 
do 6,6 (umjereno kiselo) i 6,8 do 7,8 (zdrava slina).
Za procjenu puferskoga kapaciteta upotrijebljena je slina 
koja je stimulirana pet minuta. Nakon toga su promjene bo-
je testnih pločica ocijenjene prema uputama proizvođača kao 
zelena – 4 boda; zelena/plava – 3; plava – 2; crveno/plava – 1 
i crvena – 0 bodova.
Mjerenje	razine	salivarne	bakterije	Streptococcus 
mutans
U uzorcima sline provjerena je razina S. mutans s pomo-
ću seta GC Saliva-Check Mutans™ (GC Corporation, Tokio, 
Japan). Stimulirana slina upotrijebljena je za mjerenje razine 
S. mutans na početku. Postupak je proveden prema uputama 
proizvođača za otkrivanje te bakterije u slini vrlo preciznom i 
specifičnom metodom imunokromatografije primjenom mo-
noklonskih antitijela (MAbs) koja mogu otkriti mali broj S. 
mutans u malim uzorcima sline. Pozitivan rezultat dobiva se 
ako se u T-prozorčiću pojavi tanka crvena crta, što označuje 
visoku razinu S. mutans (> 5 X 105 CFU/ml). Ako se crta ni-
je pojavila (negativan rezultat), to upućuje na nisku razinu te 
bakterije (< 5 X 105 CFU/mL). Slina za testiranje od djece se 
skupljala u isto doba dana.
Statističke analize provedene su u programu SPSS Sta-
tistics Version 19.0 (SPSS Inc., Chicago, IL, SAD). Uspo-
redbe u skupinama radi utvrđivanja opsega remineralizacije 
obavljene su uparenim t-testom. Za usporedbe među skupi-
nama izračunata je razlika srednjih vrijednosti (srednja vrijed-
nost prije liječenja umanjena za vrijednost vrijednosti poslije 
obrade) za svaku skupinu. Usporedbe razlika srednjih vrijed-
nosti među skupinama provedene su Mann-Whitneyevim 
U-testom. Za sve statističke analize razina značajnosti postav-
ljena je na < 0,05.
Rezultati
U kontrolnu skupinu s fluoriranom zubnom pastom bi-
lo je uključeno 13 zdrave djece prosječne dobi 4,25 ± 0,50 sa 
145 zuba, a u testnu skupinu s teobrominom 13 zdrave djece 
srednje dobi 4,46 ± 0,52 sa 115 zuba. Nakon jednomjeseč-
nog eksperimentalnog razdoblja ponovno je pregledano 26 
djece s ukupno 260 proučavanih zuba (13 djece, 145 zuba u 
kontrolnoj skupini; 13 djece, 115 zuba u skupini koja sadrža-
va zubnu pastu s teobrominom).
Laserska	fluorescencija	(LF)
Prosječno očitanje LF-a iznosilo je 20,71 ± 1,50 u kon-
trolnoj skupini i 14,60 ± 1,66 u skupini djece koja su se ko-
ristila zubnom pastom s teobrominom na početku, što se 
smanjilo na 17,00 ± 1,27, odnosno 9,75 ± 1,16, na prvom 
Change DIAGNOdent values •  
Promjena DIAGNOdent vrijednosti N
Mean (SE) •  
Srednja vrijednost (SP)
Mean Difference • 
Srednja razlika t value • t vrijednost P value • P vrijednost
Fluoride toothpastes •  
Zubna pasta s fluorom 170 3.71 ± 0.82
1.22 0.967 0.339
TheodentTM Kids Toothpaste •  
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use of both of the toothpastes showed a highly significant 
(p< 0.0001) remineralizing potential at the end of treatment 
period of 1-month (Figure 1). The remineralizing potential 
of fluoride containing toothpaste was not significantly high-
er than that of theobromine containing toothpaste with the 
mean difference in pre- and post-intervention readings being 
only 1.22 (p = 0.339) (Table 2).
Salivary	pH	/	buffering	capacity
There was a significant increase between the baseline and 
1-month readings of the salivary pH measurements in Theo-
bromine containing Toothpaste (p=0.013) group, compared 
to the Fluoride containing toothpaste group (p=0.222)
A statistically significant increase in salivary buffering ca-
pacity was detected with the use of both toothpastes, Fluo-
ride Toothpaste and Theobromine containing Toothpaste re-
spectively (p=0.003 and p<0.0001) (Table 3).
mjesečnom kontrolnom pregledu. Upotreba obiju zubnih 
pasta pokazala je vrlo značajan (p < 0,0001) potencijal re-
mineralizacije na kraju razdoblja liječenja od jednog mjeseca 
(slika 1.). Potencijal remineralizacije zubne paste koja sadrža-
va fluor nije bio značajno veći od potencijala zubne paste s te-
obrominom, a srednja razlika u očitanjima prije intervenci-
je i poslije nje iznosila je samo 1,22 (p = 0,339) (tablica 2.).
Salivarni	pH/puferski	kapacitet
Zabilježen je značajan porast između početnoga i jedno-
mjesečnoga očitanja pH vrijednosti sline u skupini sa zub-
nom pastom koja sadržava teobromin (p = 0,013) u odno-
su prema skupini sa zubnom pastom s fluorom (p = 0,222)
Statistički značajan porast puferskoga kapaciteta sline za-
bilježen je nakon primjene obiju pasta za zube – i paste s flu-






Figure 2	 The	frequency	of	Saliva	S. mutans	before	and	after	
interventions
Slika 2.	 Razina	salivarnog	S. mutans	prije	i	poslije	tretiranja
Fluoride Toothpaste •  
Zubna pasta s fluorom
n=13
mean (SE) • sredina (SP)
TheodentTM Kids Toothpaste 
n=13
mean (SE) • sredina (SP)
Saliva pH • Salivarni pH
baseline • prije 7.08± 0.40 6.83 ± 0.44 
after • poslije 7.22±0.43 7.17±0.43 
p, 0.222 0.013
Saliva buffer • Salivarni 
puferski kapacitet
before • prije 7.08±0.61 6.85±0.49
after • poslije 9.46±0.62 9.69 ± 0.53
p 0.003 0.000
Table 3	 Saliva	pH	/	buffer	before	and	after	using	F	Toothpaste	and	TheodentTM Kids	Toothpaste	
Tablica 3.	 Salivarni	pH/puferski	kapacitet	prije	i	poslije	primjene	zubne	paste	s	fluorom	ili	teobrominom
Fluoride Toothpaste •  
Zubna pasta s fluorom
n=13
mean (SE) • srednja vrijednost 
(SP)
TheodentTM Kids Toothpaste 
n=13
mean (SE) • srednja vrijednost 
(SP)
Mean Difference • 
srednja razlika
t value •  
t vrijednost
P value •  
P vrijednost
Saliva pH • Salivarni pH 0.15 ± 0.11 0.33± 0.12  0.19 1.18 0.248
Saliva buffer • Salivarni 
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Saliva pH and buffer changes of the subjects in the flu-
oride toothpaste assigned group showed no difference from 
those of Theobromine containing Toothpaste assigned group, 
with the mean difference at the baseline and after interven-
tion being only 0.19 and 0.46 respectively (p = 0.248, p= 
0.571) (Table 4). 
Microbiological	analysis	
The frequency of S. mutans was 8/13 at the baseline and 
decreased to 5/13 after using fluoride containing toothpaste 
for a month. The changes of frequency of S. mutans were 62.5 
%. In the theobromine containing toothpaste group, the fre-
quency of S. mutans was 12/13 at the baseline and it decreased 
to 7/13 after using toothpaste for a month. The changes of 
the frequency of S. mutans were 58.33%. These changes were 
not found to be statistically significant in both the Fluoride 
and the Theobromine toothpaste groups (p>0.05) (Figure 2).
Discussion 
The observation of a significant net remineralization has 
revealed that the treatment modalities in this study, theobro-
mine and sodium fluoride (NaF), enhanced the resistance 
of the remineralized surface to subsequent acid challenge. 
Therefore, remineralization generated by the use of theobro-
mine as a remineralizing agent demonstrated an increase in 
resistance of the enamel crystals to further acid attacks (27). 
Amaechi BT. et al investigated the effects of both theo-
bromine and NaF containing toothpastes. The surface mi-
crohardness showed a significant remineralization only when 
theobromine toothpaste was used. Although it exhibited 
comparable levels of remineralization on molar level, the 
amount of theobromine (0.0011 mol/l) required to produce 
a cariostatic effect was 71 times smaller than that of fluoride 
(0.0789 mol/l) to produce a comparable effect in theobro-
mine and NaF containing toothpastes. They concluded that 
theobromine has a remineralization enhancing effect due to 
its ability to formation of apatite in comparison with the NaF 
containing toothpastes (28).
Lippert F. (2017) investigated the effects of fluoride, 
strontium, theobromine and their combinations on caries le-
sion remineralization under pH cycling conditions (29). 
Kargül et al. observed the effect of theobromine in pre-
serving the enamel surface in their study as well. The ob-
jective of this in-vitro study was to investigate the efficacy 
of theobromine treatment on the surface hardness and topog-
raphy of human enamel at two different concentrations. The 
analyses of the microhardness of the enamel surface values at 
the baseline and after treatment with theobromine showed 
the protective effect of theobromine treatment (24). Further 
investigations using human teeth were conducted to evaluate 
how theobromine exposure modified the enamel surface in 
vitro (24, 28, 30). By supporting the findings in the in-vitro 
study, the results of the in-vivo study have shown that the mi-
crohardness of the enamel surface of the theobromine group 
was greatly enhanced compared to the fluoride group (28). 
Qasthari A.I. et. al. (2018) showed that theobromine con-
taining toothpastes maintained the enamel surface roughness 
better than sodium monofluorophosphate toothpastes (31). 
Promjene pH i puferskoga kapaciteta sline kod ispitanika 
u skupini s fluoriranom zubnom pastom nisu pokazale nika-
kvu razliku u odnosu prema onima u skupini s pastom koja 
je sadržavala teobromin (tablica 4.).
Mikrobiološka	analiza	
Razina bakterije S. mutans bila je 8/13 na početku i sma-
njila se na 5/13 nakon jednomjesečne upotrebe paste za zu-
be koja sadržava fluor. Promjena razine S. mutans iznosila je 
62,5 %. U skupni sa zubnom pastom s teobrominom razi-
na S. mutans bila je 12/13 na početku, a smanjila se na 7/13 
nakon mjesec dana korištenja te zubne paste. Promjena razi-
ne S. mutans iznosila je 58,33 %. Te promjene nisu bile stati-
stički značajne ni u skupini s fluorom, ni s teobrominom (p 
> 0,05) (slika 2.).
Rasprava
Pojava značajne neto remineralizacije otkrila je da su ak-
tivne tvari u ovom istraživanju – teobromin i natrijev fluorid 
(NaF), povećale otpor remineralizirane površine na naknad-
no djelovanje kiseline. Zato je remineralizacija generirana 
upotrebom teobromina kao remineralizirajućeg agensa rezul-
tirala povećanjem otpornosti kristala cakline na daljnje napa-
de kiseline (27).
Amaechi i suradnici istraživali su učinak pasta za zube 
koje sadržavaju teobromin i NaF. Površinska mikrotvrdoća 
pokazala je značajnu remineralizaciju samo kada se upotre-
bljavala pasta za zube s teobrominom. Iako se razina remi-
neralizacije mogla usporediti, količina teobromina (0,0011 
mol/L) potrebna za kariostatski učinak bila je 71 puta manja 
od količine fluora (0,0789 mol/L) da bi se postigao uspore-
div učinak zubne paste. Zaključili su da teobromin pojačava 
remineralizaciju zbog svojstva stvaranja apatita u usporedbi sa 
zubnim pastama koje sadržavaju NaF (28).
Lippert (2017.) istraživao je učinak fluora, stroncija, te-
obromina i njihovih kombinacija na remineralizaciju karije-
snih lezija u uvjetima pH cikliranja (29).
Kargül i suradnici promatrali su učinak teobromina na 
očuvanje površine cakline. Cilj ovoga istraživanja in vitro bio 
je ispitati učinkovitost obrade teobrominom na površinsku 
tvrdoću i topografiju ljudske cakline u dvjema različitim kon-
centracijama. Analiza mikrotvrdoće površine cakline na po-
četku tretiranja teobrominom i nakon toga postupka poka-
zale su zaštitni učinak teobromina (24). Daljnja istraživanja 
na ljudskim zubima provedena su da bi se procijenilo kako je 
izloženost teobrominu modificirala površinu cakline in vitro 
(24, 28, 30). Podupirući nalaze istraživanja in vitro, rezulta-
ti istraživanja in vivo pokazali su da je mikrotvrdoća površine 
cakline u skupini s teobrominom uvelike poboljšana u uspo-
redbi sa skupinom u kojoj je promijenjen fluor (28). 
Qasthari i suradnici (2018) istaknuli su da zubne paste 
koje sadržavaju teobromin bolje održavaju hrapavost površi-
ne cakline od onih s natrijevoim monofluorofosfatom (31).
Ni u jednom dosadašnjem istraživanju autori nisu pro-
cijenili remineralizacijski potencijal pasta za zube koje sadr-
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živanju vrijednosti su se nakon remineralizacije smanjile u 
objema skupinama. No nije pronađena značajna razlika izme-
đu pasta za zube koje sadržavaju fluor i onih s teobrominom.
Ovi preliminarni rezultati o učinku teobromina na sprječa-
vanje karijesa u ranoj dječjoj dobi pokazali su da se nakon jed-
nomjesečnog eksperimentalnog razdoblja nije dogodila zna-
čajna razlika u vrijednostima remineralizacije nakon primjene 
zubne paste s fluorom ili teobrominom. No mogla bi se uočiti 
značajna razlika između remineralizacijskih potencijala tih dvi-
ju pasta za zube da je provedeno dugoročno istraživanje.
Također je provedeno nekoliko istraživanja u kojima se 
uspoređuje teobromin i hidroksiapatit te su dobiveni sljede-
ći rezultati: u istraživanju čiji je cilj bio analizirati i usporediti 
učinak zubnih pasta koje sadržavaju teobromin i hidroksiapa-
tit na mikrotvrdoću cakline otkriveno je da se mikrotvrdoća 
cakline značajno povećala nakon četkanja pastama Theoden-
ta (teobromin) i Pepsodent (HAP). No povećanje tvrdoće ca-
kline u uzorcima tretiranima zubnom pastom koja sadržava 
HAP bilo je veće nego u uzorcima tretiranima zubnom pa-
stom s teobrominom (32).
Četkanje zuba smatra se najučinkovitijom metodom oral-
ne higijene. Oralna higijena vrlo je važna u zaštiti zuba od 
bijelih mrlja (33). Cilj suvremene dentalne medicine jest 
neinvazivno liječenje inicijalnih karijesnih lezija reminerali-
zacijom kako bi se spriječilo napredovanje bolesti (34).
Sastojci korištene zubne paste utječe na funkciju i sastav 
sline. Zato dobra pasta za zube ne pridonosi samo izravno re-
mineralizaciji, nego neizravno pojačava ulogu sline u remine-
ralizaciji. Slina je glavni čimbenik koji pridonosi zaštiti tvrdih 
i mekih intraoralnih tkiva. Različita svojstva sline poput olak-
šavanja u čišćenju od hrane, skupljanja i uklanjanja mikroor-
ganizama, zajedno s njezinim puferskim kapacitetom da ne-
utralizira kiseline, pridonose remineralizaciji zubne cakline. 
Uz to, slina ima antimikrobna svojstva. Zato je utvrđeno da 
je sastav sline u različitom stupnju povezan sa zubnim karije-
som. Svojstva sline mogu se upotrijebiti kao biomarkeri ko-
ji upozoravaju na rizik od budućih bolesti i mogu utjecati na 
upravljanje tim rizikom (35).
Važnost preventivne uloge teobrominske zubne paste u 
prevenciji karijesa s pomoću kontrole razine S. mutans u sli-
ni bila je očita u usporedbi sa zubnim pastama koje sadržava-
ju fluor. Chi i suradnici procijenili su rezultate četkanja zuba 
pastom za zilitol u prevenciji ECC-a i smanjenju S. mutans. 
U šestomjesečnom praćenju utvrđeno je da četkanje zubnom 
pastom sa ksilitolom/fluoridom nije djelotvornije u smanje-
nju ECC-a od zubne paste sa samo fluoridom u dječjoj po-
pulaciji s visokim rizikom od karijesa (36). No kada su Cakır 
i suradnici ispitivali antibakterijski učinak paste Theodent 
Kids u studiji in vitro, nisu otkrili antibakterijsko djelovanje 
na S. mutans (37).
Primarni ishodi ovoga kratkotrajnog praćenja bili su sljede-
ći: poslije četiri tjedna korištenja paste za zube s teobrominom 
značajno su se promijenili pH sline, puferski kapacitet i količi-
na bakterije S. mutans. Dokazi pokazuju važnu ulogu teobro-
mina u sprječavanju bakterija da stvaraju kiselinu, što zauzvrat 
povećava pH sline i narušava kiselinsku toleranciju karioge-
nih bakterija. Ta otkrića ističu protukariogene učinke povezane 
s oralnom bioraspoloživošću teobromina u zubnim pastama.
No studies till date have evaluated the remineralization 
potential of theobromine containing toothpaste with DIAG-
NOdent. According to this study, the values decreased for 
both groups following remineralization. However, no signifi-
cant difference was found between fluoride containing tooth-
pastes and theobromine containing toothpastes. 
This preliminary initiative of insight into the effects of 
theobromine in preventing ECC in pediatric population 
demonstrated that after one month of experimental period, 
there was no significant difference in the values of reminer-
alization of fluoride and theobromine containing toothpaste 
assigned groups. However it would have been possible to ob-
serve a significant difference between the remineralization 
potentials of the two toothpastes, if a long term study had 
been conducted. 
Several studies comparing theobromine and hydroxy-
apatite were also conducted and the following results were 
obtained: a study which aimed to analyze and compare the 
effects of toothpastes containing theobromine and hydroxy-
apatite on enamel microhardness has found that enamel mi-
crohardness was increased significantly after brushing with 
both Theodent (theobromine) and Pepsodent (HAP) tooth-
pastes. However, the enhancement of enamel hardness in 
specimens treated with HAP-containing toothpaste was su-
perior to those treated with theobromine toothpaste (32).
Toothbrushing is considered the most common oral hy-
giene habit. Oral hygiene is very important in protecting 
teeth against WSLs (33). The aim of modern dentistry is to 
manage initial caries lesions non-invasively through reminer-
alization to prevent disease progression (34). 
The contents of the toothpaste used have an impact on 
salivary functions and composition. Therefore, good tooth-
paste does not only contribute to remineralization directly, 
but also indirectly by enhancing the role of saliva in remin-
eralization. Saliva is a major contributor to the protection of 
hard and soft intra oral tissues. Different properties of saliva 
such as facilitating the clearance of food, gathering and elim-
ination of microorganisms, along with its buffering capacity 
to neutralize acids, contribute to remineralization of tooth 
enamel. Apart from that, saliva has antimicrobial properties. 
Therefore, salivary composition has been found to be associ-
ated with dental caries to varying degrees. Salivary proper-
ties can be used as biomarkers for indicating the risk of fu-
ture disease and could potentially inform interference to deal 
with this risk (35).
The importance of caries preventative role of theobromine 
toothpaste by means of controlling S.mutans levels in saliva 
was evident compared to fluoride containing toothpastes. Chi 
et. al. assessed the results of toothbrushing with xylitol tooth-
paste in the prevention of ECC and the reduction of S.mutans. 
In the six month follow up, brushing with xylitol/fluoride 
toothpaste was found to be no more efficacious in reducing 
ECC than fluoride-only toothpaste in a high caries-risk child 
population (36). However, when Cakır et al. examined the an-
tibacterial effect of Theodent Kids in an in vitro study, they 
found no antibacterial activity against S. mutans (37). 
The primary outcomes of this short term follow up study 
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ing toothpaste, salivary pH, buffering capacity and S.mutans 
counts were significantly altered. The evidence reflects the 
important role of theobromine in impeding acid production 
by bacteria, which, in turn, increases salivary pH and dis-
rupts the acid tolerance of cariogenic bacteria. These findings 
underline the anti-cariogenic effects associated with oral bio-
availability of theobromine in toothpastes.
However, some limitations of our study are sample sizes 
of the groups and the F concentration of the control tooth-
paste. Therefore, this study is an observational study with re-
sults that deviate from the general failure patterns of the con-
trol group. Yet, being one of the first clinical studies on a 
novel toothpaste, we believe that the results of this study are 
worth noting.
Conclusions
The present study investigated the caries-preventive effect 
of Theobromine containing Toothpaste by examining its ca-
pacity for remineralizing caries lesions and inducing mineral 
deposition. The preliminary results suggest that theobromine 
containing toothpastes might be a choice for the prevention 
of ECC in children. There is still a clear need for further stud-
ies to investigate the mechanism by which theobromine in-
duces mineral deposition and crystal growth, its potential 
advantages over other enamel protective compounds, its im-
pacts on salivary composition, buffering capacity and clear-
ance, and effects of long term theobromine administration. 
This study can offer a novel toothpaste alternative to early 
childhood oral hygiene habits. 
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Važnost preventivne uloge zubnih pasta koje sadržavaju 
teobromin u prevenciji karijesa kontrolom razine S. mutans 
u slini bila je očita u usporedbi sa zubnim pastama koje sa-
državaju fluor. Chi i suradnici analizirali su rezultate četkanja 
zuba pastom sa ksilitolom u prevenciji karijesa u ranoj dječ-
joj dobi i smanjenju razine bakterije S. mutans. U šestomje-
sečnom praćenju ustanovili su da četkanje zubnom pastom sa 
ksilitolom/fluorom nije djelotvornije u smanjenju incidenci-
je karijesa rane dječje dobi od zubne paste samo s fluorom u 
dječjoj populaciji s visokim rizikom od karijesa (36). No ka-
da su Cakır i suradnici ispitivali antibakterijski učinak paste 
Theodent Kids u istraživanju in vitro, nisu otkrili antibakte-
rijsko djelovanje na S. mutans (37).
Međutim, neka ograničenja u našem istraživanju su veli-
čina uzorka u skupinama i koncentracija fluora u pasti za zu-
be. Zato je to opservacijsko istraživanje s rezultatima koji od-
stupaju od općih obrazaca neuspjeha u kontrolnoj skupini. 
Ipak, kako je riječ i o jednom od prvih kliničkih istraživanja 
nove zubne paste, pretpostavljamo da su rezultati ovog istra-
živanja vrijedni pozornosti. 
Zaključak
U ovom istraživanju analiziran je karijesprotektivni uči-
nak paste za zube koja sadržava teobromin mjerenjem njezina 
svojstva remineralizacije karijesnih lezija i poticanja taloženja 
minerala. Preliminarni rezultati sugeriraju da bi paste za zube 
s teobrominom mogle biti dobar izbor za prevenciju karije-
sa u ranoj dječjoj dobi. Još uvijek postoji potreba za daljnjim 
istraživanjima kako bi se istražio mehanizam kojim teobro-
min potiče taloženje minerala i rast kristala, njegove potenci-
jalne prednosti u odnosu prema ostalim spojevima koji ima-
ju zaštitni učinak na caklinu, utjecaj na sastav sline, puferski 
kapacitet i klirens te učinak dugotrajne primjene teobromina.
Ovo istraživanje predlaže novu zubnu pastu kao alternati-
vu u održavanju oralne higijene u ranom djetinjstvu.
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